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(54) Process for manufacturing electronic devices comprising nonvolatile memory cells with 
dimensional control of the floating gate regions 



(57) The manufacturing process comprises the 
steps of: forming a first insulating region (25b) on top of 
an active area; forming a tunnel region (98) laterally to 
the first insulating region; forming a floating gate region 
(95); sealing the floating gate region with an insulating 
region (96; 34); forming a control gate region (43b) on 
top of the floating gate region; and forming conductive 
regions (65a, 65b) in the active area (14). The floating 
gate region (95) is obtained by depositing and defining 



a semiconductor material layer (27) through a floating 
gate mask (90). The floating gate mask (90) has an 
opening (92) with an internally delimiting side (90b) ex- 
tending at a preset distance from a corresponding ex- 
ternally delimiting side (90a) of the mask, and the sem- 
iconductor material layer (27) is removed laterally at the 
external and internal delimiting sides so that the tunnel 
area (98) is defined, as regards its length, by the floating 
gate mask alone. 
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Description 

[0001] The present invention regards a process for 
manufacturing electronic devices comprising nonvola- 
tile memory cells with dimensional control of the floating 
gate regions. 

[0002] Devices using nonvolatile memories, of the 
EEPROM type, such as smart cards, complex micro- 

- controllers and mass storage devices requiring pro- 
grammability of the single byte, call for increasingly 
higher levels of performance and reliability. 

' [0003] In practice, from the technological standpoint, 
this means that it is necessary to get high levels of per- 
formance (i.e., increasingly thinner tunnel oxides, ever 
more reduced programming voltages, increasingly 
greater current driving capability of the cells) to coexist 
with an extremely high reliability: one hundred thousand 
programming cycles and retention of the stored charge 
for at least ten years are by now considered the mini- 
mum requisites for the acceptance of this type of product 
on the market. 

[0004] According to the above, it is necessary to de- 
velop new manufacturing processes and new ge- 
ometries that are able to eliminate some of the critical 
aspects typical of memories, thus increasing their intrin- 
sic reliability without reducing their performance, both 
for embedded applications (i.e., wherein the memory 
cells are associated to special electronic devices) and 
for stand-alone applications (i.e., wherein the device is 
merely a nonvolatile memory). 

[0005] The purpose of the present invention is there- 
fore to provide a manufacturing process that enables the 
critical aspects of known, processes to be reduced. 
[0006] According to the present invention, there are 
provided a process for manufacturing electronic devices 
comprising nonvolatile memory cells and an electronic 
device comprising nonvolatile memory cells, as defined 
in Claim 1 and Claim 9, respectively. 
[0007] To help understanding of the present invention, 
a preferred embodiment is now described, purely by 
way of non-limiting example, with reference to the at- 
tached drawings, in which: 

figure 1 shows a cross-section of a silicon wafer in 
a first step of a known production method; 
figure 2 is a plan view of the wafer of figure 1 ; 
figures 3-7 show cross-sections similartothat of fig- 
ure 1 , in successive production steps; 
figure 8 is a plan view of the wafer of figure 7; 
figures 9-11 show cross-sections similar to that of 
figure 7, in successive production steps; 
figure 12 is a plan view of the wafer of figure 11; 
figures 1 3-1 7 show cross-sections similar to that of 
figure 11, in successive production steps; 
figure 18 is a plan view of the wafer of figure 17; 
figures 1 9-21 show cross-sections similar to that of 
figure 17, in successive production steps; 
figure 22 is a plan view of the wafer of figure 21 ; 



figures 23-25 show cross-sections similar to that of 
figure 21, in successive production steps; 
figure 26 shows a cross-section through a silicon 
wafer, in a step of the method according to the in- 
vention, for a portion of the wafer housing a memory 
cell, in enlarged scale; 

figure 27 shows a cross-section similar to that of fig- 
ure 26; 

figure 28 and 29 show cross-sections similar to that 
of figure 26, in successive production steps; 
figures 30 and 31 show cross-sections in two sub- 
sequent steps for a different embodiment of the in- 
vention; 

figure 32 is a plan view showing part of the masks 
used in the different embodiment of the process ac- 
cording to the invention; and 
figure 33 shows a cross-section, similat to Figure 
31 , in a final manufacturing step of a different em- ! 
bodiment of the invention. 

[0008] To help understanding of the present invention, 
a production method subject of European patent appli- 
cation 98830644.5, filed on 23.10.1998 in the name of 
the same applicant, is initially described with reference 
to figures. 1 to 25. In detail, this method makes it possible 
to produce a device comprising LV (low-voltage and 
high-speed) and HV (high-voltage) NMOS transistors, 
LV and HV PMOS transistors, and EEPROM memory 
cells formed by a selection transistor and a memory 
transistor. 

[0009] In particular, owing to the duality in forming 
NMOS and PMOS transistors, the drawings show only 
the steps for NMOS transistors, and the steps for form- 
ing PMOS transistors are described in words alone. The 
EEPROM memory cells form a memory array, and are 
produced in a part of the wafer thereafter also designed 
matrix area 15. 

[0010] In figure 1, a wafer 1 formed by a monocrys- 
talline silicon substrate 2, here of P type, has been sub- 
jected to the active area definition steps. In detail, with 
the surface 3 of the substrate 2 covered by an active 
area mask 4 of non-oxidisable material (typically of a 
double layer of silicon oxide and silicon nitride, defined 
using resist), wafer 1 has been subjected to thermal ox- 
idation; consequently, in the parts of the substrate 2 not 
covered by the active area mask 4, a thick oxide layer 
(field oxide 5) has been grown, delimiting between each 
other active areas of the substrate, designed to accom- 
modate various components of the device to be pro- 
duced. In particular, figure 1 shows three active areas, 
i.e. a LV active area 6, designed to accommodate a LV 
NMOS transistor,, an HV active area 7, designed to ac- 
commodate an HV NMOS transistor, and an active ma- 
trix area 8, designed to accommodate EEPROM mem- 
ory cells. 

[0011] In detail, and in a known manner, the active 
matrix area 8 defines a grid, of which figure 2 shows in 
full only the part relative to one cell, indicated at 9, hav- 
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ing substantially the shape of a "T" rotated by 90°, and 
comprises a leg 9a and a cross-piece 9b. The leg 9a is 
adjacent to, and electrically connected to, respective 
legs 9a of other cells arranged above and below the 
shown cell, of which only parts are visible; in addition, 
the leg 9a is connected to a leg of an adjacent cell to 
the right (not shown), which has a symmetrical structure 
with respect to that shown. The legs 9a are designed to 
accommodate source regions of the memory transis- 
tors; the end of the cross-pieces 9b not connected to the 
legs 9a is designed to accommodate drain regions of 
the selection transistors, and the gate regions of the 
cells must be provided on the cross-pieces 9b. Further 
active areas are generally provided for forming LV or HV 
PMOS transistors, not shown in the drawings. 
[0012] Subsequently, the active area mask 4 is re- 
moved, the free surface 3 of the substrate is oxidated to 
form a sacrificial oxide layer 10, and doping ions of N 
type are implanted through a mask, for forming N-HV 
regions (not shown) for the HV PMOS transistors; using 
an H V P-well resist mask 1 1 , covering the entire surface 
of wafer 1 , except active HV area 7 and matrix area 8, 
doping ions of P type are implanted, as shown schemat- 
ically in figure 3 by arrows 12. In the substrate 2, P-HV 
regions 13 of P type for high-voltage transistors, and a 
P-matrix region 1 4, also of P type, for the cells are then 
formed, as shown in figure 3. The P-HV regions 13 and 
P-matrix regions 14 reproduce exactly the shape of the 
active HV area 7 and matrix area 8, and thus, for each 
cell, legs 14a (corresponding to legs 9a of active cell 
areas 9, see figure 8), and cross-pieces 14b (figure 8, 
corresponding to cross-pieces 9b) are defined. 
[001 3] After removing the HV P-well mask 1 1 , doping 
ions of N type are implanted through a mask for forming 
N-LV regions (not shown) for the LV PMOS transistors; 
then, using a LV P-well resist mask 17 covering the en- 
tire surface of the wafer 1 , except active LV areas 6, dop- 
ing ions of P type are implanted, as shown schematically 
in figure 4, by arrows 18. In the substrate 2, P-LV regions 
19 of P type for the LV NMOS transistors are then 
formed, as shown in figure 4. Thereby, the P-HV region 
1 3 and the P-LV regions 1 9 are separated from one an- 
other, and their electrical characteristics can be opti- 
mised with respect to the electrical characteristics re- 
quired. 

[0014] After removing the LV P-well mask 17, a ca- 
pacitor mask 20 is formed, covering the entire surface 
of wafer 1, except strips perpendicular to cross-pieces 
14b. Doping ions of N type (for example phosphorous) 
are then implanted, as shown schematically in figure 5 
by arrows 21 . In the cross-pieces 1 4b, continuity regions 
22, of N type, are then formed, as necessary for electri- 
cal continuity between each selection transistor and the 
respective memory transistor of each cell. The structure 
of figure 5 is then obtained. 

[001 5] After removing the capacitor mask 20, the wa- 
fer 1 is subjected to annealing, the sacrificial layer 10 is 
removed, and matrix oxidation is carried out, forming a 



matrix oxide layer 25 on the surface of all regions 13, 
1 4, and 1 9. Then, using a matrix oxide mask 24, shown 
in cross-section in figure 7 and in plan view in figure 8, 
the matrix oxide is removed from everywhere except 
s from beneath the matrix oxide mask 24, forming a region 
25b in the P-matrix region 14 that is partially arranged 
above the continuity region 22, and partially covers the 
leg 9a ; and a masking region 25a on the P-LV region 1 9 
(figure 7). 

10 [0016] After removing the matrix oxide mask 24, wafer 
1 is oxidised again, forming a tunnel oxide layer 26 on 
the entire surface of the substrate, where the latter is 
exposed, and increasing the thickness of the oxide that 
is already present (regions 25a, 25b) in regions 14 and 

*5 1 9. The structure of figure 9 is thus obtained. 

[0017] A first polycrystalline silicon layer; is then de- 
posited (polyl layer 27), which is suitably doped; subse- 
quently, an interpoly dielectric layer 31 is formed, for ex- 
ample of a triple layer of ONO (silicon oxide-silicon ni- 

20 tride-silicon oxide), as shown in figure 10. 

[001 8] A floating gate mask 30 shown in figure 1 1 and 
1 2 is then formed; dielectric layer 31 , polyl layer 27, and 
tunnel oxide layer 26 are then etched everywhere ex- 
cept where the floating gate regions of the memory tran- 

25 sistors are to be formed, indicated at 27b in figure 11 ; 
consequently, of the tunnel oxide layer 26, only a tunnel 
region 26b is left, adjacent to an edge of the floating gate 
region 27b of the memory transistor. In this step, the 
thickness of the region 25a decreases again on the ac- 

30 tive area 19. 

[0019] After removing the floating gate mask 30, an 
HV oxidation step is carried out, forming. an HV gate ox- 
ide layer 34 on the entire free surface of substrate 2, in 
particular on P-HV regions 13 and P-matrix regions 14 

35 (figure 13). Portions of oxide 34 are also formed laterally 
to the floating gate region 27b of the memory transistor, 
as shown in figure 13, and the thickness of the region 
25a increases again. Subsequently, using an HV oxide 
resist mask 35, which covers the P-HV region 13 and 

40 the matrix area 15, the region 25a is removed from 
above the P-LV regions 19 (figure 14): 
[0020] After removing the HV oxide mask 35, a LV ox- 
idation step is carried out, forming a LV gate oxide layer 
36 above the P-LV regions 1 9; in addition, the thickness 

45 of the HV gate oxide layer 34 increases above the P-HV 
region 13 and the P-matrix regions 14, thus providing 
the structure of figure 15. 

[0021] Then a second polycrystalline layer (non- 
doped poly2 layer 43) is deposited, as shown in figure 

50 16. A LV gate mask 44 is formed, covering the N-HV 
regions (not shown), the P-HV regions 13, and the ma- 
trix area 1 5. In addition, the LV gate mask 44 covers the 
poly2 layer, above the P-LV regions 19, where both the 
NMOS and PMOS gate regions of the LV transistors 

55 must be defined, as shown in figures 17 and 18, and 
above the N-LV regions (not shown) where the gate re- 
gions of the LV PMOS transistors must be defined. The 
exposed portions of the poly2 layer 43 are removed, 
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thus providing the structure of figure 17, wherein the por- 
tions of poly2 remaining above P-LV regions 19 form 
gate regions 43a of the LV NMOS transistors. As can be 
seen, during the step of defining the gate regions of the 
LV transistors, the layers above the P-HV regions 13 
and P-matrix regions 14 are protected, as are the layers 
above the N-HV regions (not shown); consequently, the 
method described provides separate definition of the 
gate regions of the LV transistors and HV transistors, as 
well as of the memory cells. 

[0022] After removing the LV gate mask 44, and re- 
oxidation, to seal the gate regions 43a of the LV NMOS 
transistors, using a resist mask not shown, which covers 
the N-LV and N-HV regions, doping ions of N type are 
implanted (LDDN implanting), as schematised in figure 
19 by arrows 47. Laterally on the gate regions 43a (in- 
side the P-LV regions 19), LDD regions 48 of N type are 
then formed; in addition, the poly2 layer 43 is suitably 
doped. 

[0023] After removing the resist mask, not shown, 
masked implanting of doping ions of P type is carried 
out; in particular, during this step, the P-HV 13 regions 
and P-LV 19 regions, as well as the matrix region 15, 
are covered, whereas in the N-LV regions, LDD regions 
of P type (not shown) are formed. On the entire surface 
of the wafer 1, a dielectric layer (for example TEOS - 
TetraEthylOrthoSilicate) is then deposited; then, in a 
known manner, the TEOS layer is subjected to aniso- 
tropic etching, therefore it is removed completely from 
the horizontal portions, and remains laterally to the gate 
regions 43a, where it forms spacers 52, and partially on 
the floating gate regions 27b, on the matrix area 15 (fig- 
ure 20). On the other hand, spacers are not formed 
above the field oxide regions 5, owing to the bird's beak 
shape of the latter (in a known manner, not shown for 
simplicity); furthermore, spacers are not formed above 
the P-HV regions 13 and the respective N-HV regions, 
since the gate regions of the HV transistors are not yet 
defined. 

[0024] Subsequently, using a resist mask not shown, 
which covers the N-LV and N-HV regions, doping ions 
of N type are implanted, as schematised in figure 20 by 
arrows 54. LV-NMOS source and drain regions 55 of N+ 
type are then formed in the P-LV regions 19, in a self- 
aligned manner with the spacers 52. The LV-NMOS 
source and drain regions 55 are more highly doped than 
the LDD regions 48. In addition, the poly2 layer 43 and 
the gate regions 43a are doped N type, whereas the ar- 
eas where HV and LV PMOS transistors are to be pro- 
duced are covered. The structure of figure 20 is thus 
obtained. 

[0025] After removing the resist mask (not shown), a 
similar step of masked implanting doping ions of P type 
is carried out, for forming respective source and drain 
regions in the N-LV regions (in a not shown manner), 
and for doping P type the poly2 layer 43, above the N- 
LV and N-HV regions. In this step, the P-LV regions 19, 
P-HV regions 13, and P-matrix region 14, are complete- 



ly covered. 

[0026] Subsequently, an HV gate mask 56 is formed, 
which covers the surface of the wafer 1 , with the excep- 
tion of the active areas where the gate regions of the 

5 high-voltage transistors are to be formed (P-HV regions 
1 3, in the case of HV NMOS), and the portions of the P- 
matrix region 14 designed to form the gate regions of 
the selection transistor, and the control gate regions of 
the memory transistors (in this respect see figures 21 

io and 22). Then, the portions of poly2 layer 43 not covered 
by the HV gate mask 56 are etched; the structure of fig- 
ure 21 is thus obtained. 

[0027] Subsequently, re-oxidation is carried out, fomv 
ing an oxide layer 57 on the entire free surface of sub- 

ts strate 2, in particular laterally on the floating gate re- 
gions 27b and control regions 43b of the memory tran- 
sistors, and laterally on the gate regions of the selection 
transistors, as shown in figure 23, wherein the gate re- 
gion of the selection transistor is indicated at 43c, the 

20 gate region of the memory transistor is indicated at 43b, 
and the gate region of the HV NMOS transistor is indi- 
cated at 43d. 

[0028] After removing the HV gate mask 56 and re- 
oxidation, an NHVmask, not shown, is formed, covering 

25 n-LV and N-HV regions (not shown). Using the NHV 
mask, doping ions of N type are implanted, as shown 
schematically in figure 23 by arrows 63. In P-HV regions 
13, at both sides of HV gate regions 43d, HV-NMOS 
source and drain regions 64 of N type are then formed, 

30 less doped than LV-NMOS source and drain regions 55; 
simultaneously, in the P-matrix region 14, drain regions 
65a of selection transistor are formed, on one side, in a 
self-aligned manner with the gate regions ; 43c of the se- 
lection transistors, and the source regions 65b of the 

35 memory transistor are formed on the side not facing the 
respective selection transistor, in a aligned manner with 
the gate region 43b of the memory transistors. In addi- 
tion, the areas arranged between each selection tran- 
sistor and the respective memory transistor are also im- 

40 planted; however, this implanting generally takes place 
inside the continuity regions 22, more doped, and is 
therefore not shown (for this reason the respective area 
is represented with broken lines). However, in case of 
misalignments, this implanting guarantees electrical 

45 continuity. The HV-NMOS source and drain regions 64 
of the HV selection transistor 65a, and the source re- 
gions 65b of the memory transistor (as well as the re- 
gions) have a lower doping level than the LV-NMOS 
source and drain regions 55, and thus have a higher 

so breakdown voltage and higher resistivity. 

[0029] After removing the NHV mask, the source and 
drain regions of the HV PMOS transistors (not shown) 
are similarly implanted using a mask. 
[0030] Subsequently a protection dielectric layer 70, 

55 for example of TEOS or nitride, is deposited on the entire 
surface of the wafer 1. A salicide protection mask 72, 
shown in figure 24, is then formed, covering the surface 
of wafer 1 , except the active areas where the low-volt- 
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age transistors are formed (P-LV regions 19, for the 
NMOS). Using the salicide protection mask 72, dielec- 
tric layer 70 is removed from above the P-LV regions 1 9 
(figure 24). After removing the salicide protection mask 
72, if zener diodes, low-doping precision resistors, and/ 
or transistors of N and P type with non-salicided junc- 
tions are to be formed, a dielectric layer is deposited and 
defined using a suitable mask, in a not shown manner. 
Otherwise, the uncovered poly2 layer are immediately 
salicided. Saliciding, carried out in a known manner, as 
previously described, causes titanium silicide regions to 
form above the source and drain regions of the LV 
NMOS and PMOS transistors (silicide regions 75a1 
above the LV-NMOS source and drain regions 55, and 
similar regions for the LV PMOS transistors), above the 
gate regions of the LV NMOS and PMOS transistors (sil- 
icide regions 75a2 above the gate regions 43a for the 
LV NMOS transistors, and similar regions for the LV 
PMOS transistors), as shown in figure 25. 
[0031] After forming a protection dielectric layer 78, 
the final structure of figure 25 is obtained, showing an 
LV NMOS transistor 80, an H V NMOS transistor 81 , and 
an EEPROM cell 82, formed by a selection transistor 83 
and a memory transistor 84. The final steps follow, in- 
cluding forming contacts and electrical interconnection 
lines, deposition of a passivation layer, etc. 
[0032] In the described process, the problem exists 
that the length of the tunnel area in the horizontal direc- 
tion of the cross section of Figure 25, which is equal to 
the length of the tunnel region 26b, is determined by two 
different masks, since the left edge of the tunnel region 
26b in Figure 25 is defined by the floating gate mask 30, 
and the right edge of the tunnel region 26b, delimited by 
the matrix oxide region 25b, is defined by the matrix ox- 
ide mask 24, as is evident from Figure 11 . Consequently, 
the inevitable misalignments between the two masks 24 
and 30 affect the dimensions of the tunnel area in the 
horizontal direction of Figure 25. The lack of a precise 
dimensional control over the tunnel area thus deter- 
mines a critical situation and a reduction in reliability. 
[0033] In addition, the above mentioned misalign- 
ments determine different variations in the dimensions 
df the adjacent cells. In fact, in a memory array of the 
described type, adjacent cells (in the horizontal direction 
of the figures) are arranged alternately in a symmetrical 
way (in Figure 2, the adjacent cell to the right of the fully 
shown cell presents the leg 9a on the left and the cross- 
piece 9b on the right, whilst the subsequent cell has the 
same orientation as the shown cell). Consequently, the 
above misalignment between the two masks towards 
the left or towards the right causes alternatively an in- 
crease of the length of the tunnel region 26b in one half 
of the cells and a reduction in the remaining half of the 
cells. It follows that the electrical characteristics of the 
memory cells are not uniform, but are of two different 
types, according to whether a particular cell is "even" or 
"odd", with a consequent reduction in the reliability of 
the memory array. 



[0034] To solve the above problem, a new fabrication 
process is here proposed, and only the steps of the new 
fabrication different from the previous process are de- 
scribed. 

s [0035] In detail, the present fabrication process com- 
prises the initial steps described with reference to Fig- 
ures 1-10 until the interpoly dielectric layer 31 is formed. 
[0036] Subsequently, the floating gate mask is formed 
having a different shape from that of the known process, 

10 as shown in Figures 26 and 27. In detail, in the top view 
of Figure 27, the floating gate mask, here indicated by 
90, has an external perimetral edge 91 of a rectangular 
shape, a side 90a of which extends perpendicularly to 
the cross-piece 14b (parallel to the x axis in Figure 27), 

is in an approximately central position with respect to the 
cross-piece 14b itself. The floating mask 90 has an 
opening 92 delimited by an internal perimetral edge 93. 
The internal perimetral edge 93 is also rectangular, and 
its sides are parallel to the sides of the external perim- 

20 etral edge 91; in particular, a side 90b of the internal 
perimetral edge 93 facing the side 90a delimits, together 
with the side 90a itself, a mask portion 94 having a pre- 
set width 1_ (y direction in Fig. 27) corresponding to the 
desired width for the tunnel area. The position of the 

25 floating gate mask 90 and the size of the opening 92 are 
chosen so that the left edge of the matrix oxide region 
25b (facing the selection transistor, still to be made) falls 
within the opening 92 even in the event of misalign- 
ments, as will be explained in what follows. Preferably, 

30 the left edge of the matrix oxide region 25b is set roughly 
in the centre of the opening 92; moreover, the latter has, 
for example, a width of 0.5 u,m (for a 0.35 urn process). 
[0037] Subsequently, as in the prior process, the in- 
terpoly dielectric layer 31 and the polyl layer 27 are 

35 etched in succession. Because of the shape of the float- 
ing gate mask 90, here these layers are removed also 
internally, under the opening 92. Consequently, at the 
end of etching, the floating gate region, now indicated 
by 95, and the interpoly dielectric region, now indicated 

40 by 96, present the same rectangular holed shape as the 
mask 90. In particular, the sides of the floating gate re- 
gion 95 corresponding to the externally delimiting edge 
90a and the internally delimiting edge 90b, indicated by 
95a and 95b, respectively, define the length of the tunnel 

45 area in the y direction, now determined solely by the di- 
mensions of the floating gate mask 90, and namely by 
the length J of the mask portion 94. 
[0038] The size of the tunnel area in the perpendicular 
direction (x direction in Figure 27) is instead determined, 

50 as in the prior process, by the width of the cross-piece 
14b of the P-matrix region 14 (active area of the cell). 
[0039] In Figure 28 and in the subsequent figures, the 
portion of the tunnel layer 26 delimited by the sides 95a 
and 95b of the floating gate region 95 and making up 

55 the tunnel region is indicated by 98. 

[0040] The manufacturing process then comprises 
the previously described steps including a re-oxidation 
step for completely sealing the floating gate region 95 



9 



EP 1 058 309 A1 



10 



also inside the hole determined by the opening 92. In 
particular - see Fig. 28 - as for the prior process de- 
scribed previously, an HV gate oxide layer 34 is grown, 
joining with the layer 26, the dimensions whereof can 
be calibrated in a known way. Next, the second poly- 
crystalline silicon layer (poly2 layer, 43) is deposited and 
fills the hole inside the floating gate region 95, as evident 
from Figure 28, where the filling region is indicated by 
43e. 

[0041] The further steps are then carried out for form- 
ing the gate region 43c of the selection transistor 83, 
forming the P-channel and N-channel HV and LV tran- 
sistors, and forming the conductive regions 48, 55, 64, 
65a, and 65b in the active areas. As regards the memory 
cell 82, the final structure shown in Figure 29 is thus 
obtained. 

[0042] The thus described method makes it possible 
to control the dimensions of the tunnel area 98 with a 
precision which depends only upon the dimensional 
control of the active area mask 4 and floating gate mask 
90, and not upon the misalignments between the masks, 
which are much harder to control. 
[0043] In addition, given that the dimensions of the 
tunnel area 98 do not depend upon the misalignments, 
the variability of the dimensions of "even" cells and "odd" 
cells discussed above no longer exists, and hence the 
memory cells 82 present more uniform electrical char- 
acteristics. 

[0044] The presence of the opening in the floating 
gate region 95 calls for appropriate re-sizing of the cell. 
In fact, on the one hand, the area of the floating gate 
region 95 of the sensing transistor 84 is reduced, and, 
on the other hand, the coupling surface between the 
floating gate region 95 and the control gate region 43b 
increases, on account of the coupling existing between 
the filling region 43a and the portions of the floating gate 
region 95 facing it. Consequently, the present memory 
cell requires, on the whole, a larger area than the prior 
cell, but presents better electrical characteristics; con- 
sequently it may be advantageously applied when the 
requisites of area occupied are less stringent (for exam- 
ple, but not only, in "embedded" applications), and 
where it is necessary to have high electrical character- 
istics and high reliability. 

[0045] Finally, it is clear that numerous modifications 
and variations can be made to the method and to the 
electronic device described and illustrated herein, all of 
which falling within the scope of the invention, as defined 
in the attached claims. For example, the tunnel layer 26 
may be etched or not during the definition of the floating 
gate region 95; in addition, instead of being completely 
inside the floating gate region 95, the. hole 97 may face 
one side of the latter, perpendicular to the side 95b. 
[0046] According to a different embodiment described 
hereinafter, the interpoly dielectric layer 31 may be de- 
posited and defined in an own subsequent step, instead 
of together with the floating gate region 95. In detail, ac- 
cording to this different embodiment, initially the steps 



described for the prior process with reference to Figures 
1-9 are carried out, up to depositing the first polycrys- 
talline silicon layer 27. Subsequently, the interpoly die- 
lectric layer 31 is not formed, but the floating gate mask 
s 90 is immediately formed with the same shape as de- 
scribed above, as shown in Fig. 30 and, with top view, 
in Fig. 32. 

[0047] An interpoly dielectric layer 1 01 is next formed, 
for example, comprising a triple ONO layer (silicon ox- 

10 ide-silicbn nitride-silicon oxide). Then, using an ONO 
mask 110, indicated in Fig. 32 by the dashed-and-dotted 
line and having dimensions greater than the external di- 
mensions of the floating gate mask 90, the interpoly di- 
electric layer 101 is removed everywhere, except above 

15 and at the sides of the floating gate region 95, so as to 
seal the floating gate region 95 completely also inside 
the hole 97, as shown in Fig. 31. 

[0048] Next, the high voltage oxide layer 34 is grown, 
and the poly2 layer 43 is deposited. Then, subsequent 

20 steps are carried out for forming the gate region 43c of 
the selection transistor 83, forming the P-channel and 
N-channel HV and LV transistors, and forming the con- 
ductive regions 48, 55, 64, 65a, and 65b in the active 
areas. As regards the memory cell 82, the final structure 

25 shown in Fig. 33 is then obtained. 

[0049] This embodiment has the advantage of insu- 
lating better the floating gate region 95, so that the re- 
sulting memory cell becomes more reliable. 



Claims 

1. A process for manufacturing electronic devices 
comprising floating gate nonvolatile memory cells 
35 (82), including the steps of: 

defining an active area (14) in a substrate (2) 
of semiconductor material; 
forming a first insulating region (25b) on top of 
40 ' said active area; 

depositing a first dielectric material layer (26) 
on top of said substrate (2); said first dielectric 
material layer (26) comprising a tunnel area 
(98); 

45 - forming a floating gate region (95) on top of said 
first dielectric material layer (26) and on top of 
said first insulating region (25b); 
forming a second insulating region (96, 34) sur- 
rounding said floating gate region; 
50 - forming a control gate region (43b) on top of 
said floating gate region; and 
forming conductive regions (65a,. 65b) in said 
active area (14); 

55 said step of forming a floating gate region (95) com- 
prising the steps of depositing a first semiconductor 
material layer (27) on top of said dielectric material 
layer and selectively removing said first semicon- 
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ductor material layer using a floating gate mask (90) 
having an externally delimiting side (90a), 
characterized in that said floating gate mask (90) 
has an opening (92) having an internally delimiting 
side (90b) facing said externally delimiting side 
(90a) at a preset distance, and in that said step of 
selectively removing comprises the step of remov- 
ing said first semiconductor material layer (27) lat- 
erally to said externally and internally delimiting 
sides (90a, 90b). 

2. The process according to Claim 1 , characterized in 
that said step of forming a floating gate region (95) 
comprises the step of forming a polygonal region 
having a hole (97). 

3. The process according to Claim 1 or Claim 2, char- 
acterized in that said floating gate mask (90) has an 
external perimetral edge (91) of rectangular shape, 
in that said opening (92) has an internal perimetral 
edge (93) of rectangular shape, in that said exter- 
nally delimiting side (90a) and said internally delim- 
iting side (90b) are parallel to one another, facing 
one another, and delimit between each other a 
mask portion (94) defining a length dimension of 
said tunnel area (98). 

4. The process according to any of Claims 1-3, char- 
acterized in that said opening (92) is arranged 
astride of or laterally to said first insulating region 
(25b). 

5. The process according to any of Claims 2-4, char- 
acterized in that said step of forming a second in- 
sulating region (96, 34) comprises the steps of form- 
ing first sealing portions (96) covering a top surface, 
and second sealing portions (34; 96) covering at 
least side walls of said floating gate region (95) that 
delimit said hole (97), and in that said step of form- 
ing a control gate region (43b) comprises the steps 
of depositing a second semiconductor material lay- 
er (43), said second semiconductor material layer 
filling said hole (97) in said floating gate region (95). 

6. The process according to Claim 5, characterized in 
that said step of forming a second insulating region 
(96, 34) comprises the steps of depositing a second 
dielectric material layer (96) on top of said first sem- 
iconductor material layer (27); selectively removing 
said second dielectric material layer (96) using said 
floating gate mask (90), obtaining said first sealing 
portions (96); and forming said second sealing por- 
tions (34). 

7. The process according to Claim 5, characterized in 
that said step of forming a second insulating region 
comprises the steps of depositing a second dielec- 
tric material layer (96) on top of and at the sides of 



said floating gate region (95); and selectively re- 
moving said second dielectric material layer (96) 
from a surface of said substrate, laterally to said 
floating gate region (95), thus forming said first and 
s second sealing portions (96). 

8. The process according to any of Claims 1-7, char- 
acterized in that said cell (82) is anEEPROM cell 
and in that the process further comprises forming a 

10 selection transistor (83) to laterally to and at a dis- 
tance from said tunnel region (98). 

9. An electronic device (82) comprising a nonvolatile 
memory element (84) comprising a substrate (2) of 

75 semiconductor material housing an active region 
(14); conductive regions (65a, 65b) in said active 
area; a first insulating region (25b) on top of said 
active area; a tunnel region (98), of dielectric mate- 
rial, on top of said active area, laterally to said first 

20 insulating region (25b); a floating gate region (95) 
on top of said tunnel region and said first insulating 
region; a second insulating region (96, 34) sur- 
rounding said floating gate region; and a control 
gate region (43b) on top of said floating gate region; 

25 characterized in that said floating gate region (95) 
internally presents a hole (97); in that said second 
insulating region (96, 34) further extends on inter- 
nally delimiting walls (95b) of said hole (97) and in 
that said control gate region (43b) comprises a fill- 

30 ing portion (43e) extending in said hole. 

10. The device according to Claim 9, characterized in 
that said floating gate region (95) has, in top view, 
an external perimetral edge (91) of rectangular 

35 shape having an externally delimiting side (95a), in 
that said hole (97) has, in top view, an internal per- 
imetral wall (93) of rectangular shape having an in- 
ternally delimiting side (95b) facing said externally 
delimiting side (95a) and parallel thereto. 

40 

11. The device according to Claim 10, characterized in 
that said nonvolatile memory element (84) belongs 
to an EE PROM cell (82) further comprising a selec- 
tion transistor (83) arranged adjacent to and at a 

45 distance from said nonvolatile memory element and 
facing said tunnel region (98). 
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